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HUMAN PAPILLOMA VIRAL PROTEIN EXPRESSION 
FOR USE IN VACCINE COMPOSITIONS 



ThSs application is a continuation-in-part of co-periding U.S. patent 
applications Sexial Number 007,230, filed January 27, 1987, which is a 
10 continuation-in-part of application Serial Number 827,313, filed Febniary 7, 

1986, now abiandoned; and Serial Number 905,217 filed September 9, 1987, 
which is a cpntinuatibn-inrpan of application Serial Number 842,984, filed 
March 27,1986, now abandoned. 

15 FIELD OF INVENTION 

Hie present invention is directed to recombinant cells, peptides, 
antibodies, compositions and niethods that c^ be utilized for the inhibition and 
treatment of human papilloma virus (HPV) infection and cell transfornfiauon, 
20 Recombinant cells that contain, and express, a DNA insert that encodes 

^ a region of an HPV protein or a pq)tide induced by an HPV gene in a 

' mammalian cell arc produced, such as recombinant vaccinia vims that expresses 

an epitppic rc^pn of the E6 or E7 nudeqprotein gene product of HPV or a 
transfected or recombinant virus-infected, reconstructed fibroblast, epithelial 
25 cell, lymphocyte or tumor cell that contains arid expresses a region of the E6 or 

E7 nucleoproiein gene product of HPV. Specific peptides have be^ prepared 
that correspond to epitopic regions of HPV16 E6 and E7 proteins and these 
^ peptides have been utilized in immunogenic compositions and vaccines. 
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Therapeutic and prophylactic methods are descnbed for the inhibitioa and 
regression of HPV infections and tumor development in patients. 

BACKGROUND OF THE INVENTION 

5 

Work with experimental, animals,- particularly rodents, has shown that 
most tumors induced by oncogenic viruses express antigens encoded by the viral 
genome, and that inmiunization with these antigens can lead to rejection of a 
subsequoit challenge of tumor cells induced by the same virus. Although much 
10 of this work was done with laboratory strains of virus, such as SV40, polyoma 

virus, and Friend, Moloney, or Rauscher murine leukerhia viruses, horizontal 
and vertical transmission of oncogenic viruses in nature has been demonstrated; 
indeed a conamercial vaccine against virus-induced feline leukemia and sarcoma 
is now aviulable. 

15 By contrast, a viral etibldgy of most human cancer has not been 

demonstrated. Poifsible excepLipns are hepatitis virxis (hepatoma), Epstein Barr 
virus (nasopharyngeal carcinoma), and human papilloma yinis (HPV16) 
(cervical carcinoma). However, during the pa^ two decades it has been 
established that some human tumor cells express tumor andgens, i.e,, antigens 

20 that distinguish the tumor cells from their normal cellular counterparts. Some 

patients mount cell-mediated or humoral immune responses against these 
antigens (Hellstrom et al. (1968) Nature, 22Q:1352; Morton et al. (1968) 
Science ifi:1279-i281; Shiku et al. (1976) J. Exp. Med. 144: 873-881). 
Some of the targets of these imniune responses are oncofetal or differentiation 

25 antigens racoded by the human genome (Hellstrom et al* (1970) InL J. Cancer 

5:346-351). 

Undl recently the molecular nature of the tumor antigens was unknown, 
and the degree of tumor specificity of the immimplogical reactions was unclear. 
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Attempts to utilize this information in developing cancer diagnostic assays of 
cancer therapies have been largely unsuccessful. Because spontaneous tumor 
regressions are extremely rare, one may also conclude that the immune 
responses demonstrated in vitro were ineffective in vivo . For example, while 
5 antibodies and lymphocytes obtained from a cancer patient may be effective in 

killing tumor cdls in vitro , the immune response of the same cancer padent is 
insufficient ia vivo to prevent tumor development. 

The development by Kphler and Ivfilstein of the monoclonal antibody 
technique (1975, Nature 25i6:495-497) lead to intensified searches for human 
10 tumor antigens, because it provided the means to define such antigens, both at 

the molecular level and with respect to ^pepficity (HeUstroni and Brown, 
(1979) in The Antigens , M. Sela, ed.. Academic Press, VoL V:i-66). 

Over the past several years large numbers of tumor-associated antigens 
have been described, most of which have been defined by mouse monoclonal 
15 antibodies (Reisfeld and Sell, eds., (1985) in Monoclonal Antibodies and 

Cancer Therapy . UCLA Symposia on Molecular and Cellular Biology, New 
Series, -Vol. 27, Alan R. Liss, Inc.' New York, pp. 1-609). Although virtually 
all of the ahugens which have been well characterized have proven to be 
oncofetal or differentiation andgens. and their spedficity for tumors has been 
20 found to be quandtative rather than qualitative, several antigens are suffidemly 

specific for neoplastic versus normal cells (generally corresponding to a factor 
of 10 id LOGO times) to be used as potential targets for identifying tumor cells 
and for therapy. Human monoclonal antibodies to tumor antigens have also 
been obtained (Cote el al. (1983) Proc. Nad. Acad. Sci. fiQ:2Q26-2030). This 
25 supports the previously cited evidence that some cancer patients mount an 

immune reaction to their tumors. Many of these tumor antigens are encoded by 
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the human genome^ while in some cases these tumor antigens are the result of 
endogenous or exogenous viral infection. 

Human papilloma viruses are well-known infective agents that produce 
epithelial neoplasia, such as warts and papillomas, in their hosts. Common ^ 
S hand warts and plantar waits are the most frequent skin lesions in humans; 

however, squamous cell carcinomas and genital cancers in both males and 
females are also commonly associated with certain strains of HPV infection. 

The jiapillbma virus genome contains a double stranded^ circular 
supercoiled DNA molecule having a molecular weight of about 5,000 
10 kilpdaltqns (kDa). This genome encodes between 8 and 10 proteins, this 

number being uncertain because a fiinctipn or protein product has not yet been 
assigned to each of the open-reading firambs (OKFs) oif the genome. The QRFs 
produced early in r^lication were priginally designated with an E, and those 
produced late with ah L. This desigtiation however, has not held up, and it has 
IS been found that some E gene products arie produced early and late in infection. 

Infection by HPV is strongly associated with cCTvical cancer and other 
ahogehital carcinomas in humans. (Zur Haiisen et al. (1989) Cancer Res. 
42:4677-4681; Galloway et aL (1989) Adv. Virus Res. 22:125-171). One HPV 
types, HPV 16, is commonly linked with severe dysplasias and with cervical 
20 cancers. (Galloway et al. supra : Ikenberg et al. (1983) Int J. Cancer 

32:563-565). In these disorders, certain viral E genes and their protein 
products have exhibited prominent roles. Experiments using a reporter gene 
such as chloramphjenicol acetyl transferase have shown that the E6 gene Jt:, 
transactivates the noricoding region of HPV DNA. (Phelps et al. (1988) Coll 
25 53:539-547): The E7 nucleoprbtein has demonstrated a role in transformation 

and maintenance of malignant phenotypes in mammalian cells. (Tsunokawa et 
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al. (1986) Proc. Natl. Acad. Sci. USA 82:2200-2203; Kanada et al. (1988) J, 
ViroL iS2:610-613; Crook et al. (1989) EMBO J. 8:513-519). 

Studies in experimental animals, usually mice, have shown that 
immunization with living or killed cancer cells can lead to rejection of a 
5 subsequent challenge by viable cancer cells. In many cases the target antigens 

responsible for the protective effects have been viraily encoded » but in many 
other cases the nature of the antigen which elicits a protective immune response 
is unknown. 

A major theoretical objection to the proposed use of cancer vaccines in 
id humans is that humans who are "vaccinated", for example, with killed cancer 

cells or cell-free preparations, dah be immunologically unresponsive. This is 
bdieved to often occur because the tumor antigens that may be the targets of the 
immune response are present, albeit in trace amoimts only, in some normal cells 
and will thus be perceived by the immune system as "self. Immunization 
15 against such "self antigens could, if effective, result in an autoimmune 

response. Most, if not all, tuihor-assodnted antigens detected in human tumors 
by nionpclonal antibodies are also present in some normal tissues, and there is 
little evidence that cancer patients reispond to them effectively in vivo > An 
antigen that is foreign to the human immune system, for example, one encoded 
20 by an oncogenic virus such as HPV16, should, on the other hand, most likely 

induce a strong immune response. 

The use of recombinant DNA technology for the production of vaccines 
to protect against viral infections and cellular transformation involves the 
mpleciilar cloning and expression in an appropriate vector of genetic 
25 information coding for ^dral proteins which can elicit an immune response 

against the protein in the host animal. A novel approach has been described 
which is potentially useful in the production of such vaccines. (Mackett et al. 
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(1982) Proc, Natl. Acad. Sci. 22:7415-7419; Mackett et al. (1984) J. ViroL 
42:857-864; PanicaU et al. (1982), Proc. Natl. Acad. Sci. 72:4927-4931). This 
approach involves the use of vaccinia vims as a vector to express foreign genes 
inserted into its genome. Upon introduction into host animals, the recombinant ^. 
5 vaccinia virus expresses the inserted foreign gene and thereby didts a host 

imniune response to such gene products. Since live recombinant vaccinia vims 
can be used as a vaccine, this approach combines the advantages of both subunit 
and live vaccines. 

Recombinant vaccinia vimses expressiiig andgens from foreign viruses 
10 have been found to induce resistance to challenge with the foreign vimses in 

exp^mcQtal animals. Examples include recbmbinant vaccinia vimses 
expressing an HSV glycoprotein (Cremer et al. (1985) Science 22S:1985), a 
- rabies virus surface antigen (Blaricou et al. (1986) Nature 322:373), 
recombinant vaccixiia vims expressing either HPVl 6 or bo\dne papillpma vims 
15 proteins (Lathe et al, (1989) in Vaccines for Sexuallv Transmitted Disease . A. 

Meheus and R. E. Spiel, eds, Buttenvbrth & Co, pp. 166-177) and an influphza 
vims nucleoprotein (Smith et aL (1983) I^. Natl. Acad. Sci. USA SQ:7155; 
YewdeU et al. (1985) Proc. NaU. Acad, Sd. USA 32:1785), The recombinant 
vaccinia virus expres^g influenza virus nucleoprotein has been reported to 
20 induce specific T cell-mediated immuni^ to influenza vims in immunized mice 

(Bennink et al. (1984) Nature 211:578). In addition, using target cells infected 
with a recombinant vaccinia vims expressing influenza vims nucleoprotein, it 
has been demonstrated that influenza vims nucleoproteiri is recognized by ^. 
cytotoxic T cells from influenza seropositive donors (McMichael et al. <1986) J. 
25 Gen. ViroL ^7:719). Similarly, it has recendy been found that human target 

cells infected with a recombinant vaccinia vims expressing an HSV 
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glycoprotein, are recognized by human CTL clones specific for HSV (Zarling et 
al. (1986) J. Virol. 52:506). 

SUMMARY OF THE INVENTION 

5 

The present invention is directed to recombinant cells, peptides, 
antibodies, compositions, and methods for the inhibition arid treatment of 
human papilloma virus infection and tumor initiation or progression. 

The recombinant cells of the present invention contain a gene encoding a 
10 peptide that substantially corresponds to an amino acid residue sequence of a 

pqptide expressed in response to a human papilloma virus infection, such as a 
peptide isubstantially corresponding to a region of the E6 and/pr E7 gene 
product or a chirneric peptide- compound of one or more regions of HPV 
proteins. This peptide can substantially correspond to an SPV protein 
15 expressed upon HFV infection or to a cellular peptide expressed in response to 

insertion of ah HPV gene into the mammalian cell. Recombinant cells of the 
present invention include both eukaryotic and prokaryptic cells transfected or 
transformed, respectively, by the incorporation of added DNA encoding a 
region of a protein of human papilloma virus. Illustrative recombinant cells 
20 include bacteria, Sdnises, such as yacdnia virus, mammalian cells such as 

transfected epithelial or fibroblast cdls or lymphoid cells and tumor cells that 
encode such an HPV related protein region, such as cervical carcinbnia cells. 
Soluble proteins and peptides that elicit B cell and/or T cell responses are also 
included in the preisent invention. 
25 Antibody molecules that can mimic and/or compete for binding sites 

with such proteins and peptides are. also included in the present invention. 
Particularly preferred antibodies are antibodies to peptides corresponding to 
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specific regions of the HPV16 E6 and/or E7 proteins and and-idiotypic 
antibodies to these anti-peptide antibodies. 

Compositions of the present invention contain recombinant cells, 
antibodies and/or pq)ddes as described above, and preferably recombinant cells 
5 and/or pq)tides which express an epitppic .region of an E6 or E7 nucleoprotein 

of human papilloma virus. The compositions of the present invention are 
preferably immunogenic compositions that are capable of eliciting an 
immunologically protective response in a recipient. 

The described recombinant cells, peptides, and compositions are udlized 
10 in methods for inhibiting arid treating HPV infection and tumor initiation arid/or 

progression. In a method of the present invention for the treatment of a 
cbriditipn resultant from human papilloma virus infectiori, a therapeutically 
eiffective amount of a composition containing a recpmbinaht cell and/or peptide 
of the present invention is administered to a patient for a time period sufficient 
15 to inWbit the further progression of this condition* 

A prophylactic method for inhibiting tumor initiation following the 
detection of human papilloma virus infection is further contemplated. In this 
method, a therapeutically effective axridimt of a composition of the present 
invention is administered to a patient in order to elicit a protective response in 
20 that patient that inhibits tumor initiation in the virus-infected cells. The present 

invention is further directed to a method of inhibiting human papilloma virus 
infection in ai patient In this method a suffideht amount of an immunogenic 
composition is administered to a patient to effectively elicit an immunologically 
protective response in the patient to inhibit infection by human papilloma virus. 
25 The immunogenic composition can also be formulated to contain 

recombinant cells that express an epitppic region of an HPV protein. For 
example, such compositions can contain a non-tumorigenic cell that is major 
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histocompatibility complex (MHC) class I positive, into which a gene encoding 
an immunogenic region of an HPV protein has been inserted. The recombinant 
cell of this composition can then be administered to a patient to facilitate tumor 
rejection by eliciting an immunogenic response to the expressed pq)tide region, 
5 which is also expressed in the tumor cells. 

The immunogenic composition can also be formulated ias a viral vacci n e, 
in which case the immunogen comprises a recombinant virus that expr&sses an 
epitopic region of a protein of the human papilloma virus. Depending upon the 
nature of the recombinant virus used as the immunogen, either an inactivated 
10 virus vaccine or a live virus vaccine can be formulated. Appropriate 

immunization with the vaccine formulation or immunogenic composition of the 
present invention can result in the induction of an immune response which leads 
to the destruction of tumor cells expressing an HPV epitopic region as well as 
inhibiting HPV infection, in the immunized subject. Preferred recombinant 
15 ceils of the present invention include vaccixua virus encoding and e;q)ressing an 

ejpitopic region of either the E6 or E7 HPVi6 nucieoprotein, and epithelial, 
fibroblast, lymphoid, blood cells, and tumor cells transfected with the E6 or E7 
HPV16 gene. 

Still further advantages and benefits of the present invention will become 
20 apparent to those skilled in the ait in the following detailed description, 

examples and claims which follow. 

DESCRTPTIQN OF DRAWINGS 

25 In the drawings: 

FIGURE 1 illustrates the cloning of the HPV 16 E6 open reading ftame 
into two expression vectors. 
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A« The E6 open reading frame (ORF) was removed from HPV16 
fiill length DNA and cloned as a blimt*ended Ddel fragment into vaccinia 
expression vector pGS 62 which had been cut with Smal. 

B. The E6 ORF wais cloned in pIC 20H to introduce a Hind in site 
5 at the 5* end for directional cloning downstream of the CMV promoter in the 

pCDMS expression plasmid as described hereinbelow. There are 58 base pairs 
at the 5' and 98 base pairs at the 3* end of the E6 ORF whidi are untranslated* 

FIGURE 2 illustrates the cloning of the HPV16 E7 open reading frame 
10 into two expression vectors. 

A. The E7 open reading frame was cloned from the full length HPV16 
DNA as a TaqI, Psfl fragment into pIC 20R which had been cut with Clal and 
PsH, The E7 ORF was subcloned into the Vaccinia egression vector pGS 62 at 
the pcoRI site. 

15 B. The E7 ORF was cloned into the pIC 20H vector to introduce a Hind 

in site at the 5' end of the gene and was placed under the control of the CMV 
prompter in the pCDMS vector. There are 56 base pairs of untranslated 
sequence 5* to the E7 ORF and 24 base pairs 3' to the E7 ORF. 

20 HGXJRE 3 illustrates the autoradiography of tadioimtnundpredintations 

of lysates from cells infected by two different plaque purified recombinant 
vaccixlia viruses expressing the E6 protein of HP VI 6. 

The vaccinia lysates were prepared as described in EXAMPLE 5. 
Radioimmtmoprecipitations were performed and the precipitates were 

25 electrophoresed. Lanes I, 3, and 5 show the results obtained using rabbit 

antisera to E6 (provided by D. Lowy), lanes 2, 4, and 7 with normal rabbit 
sarum and lane 6 with rabbit antisera to E7 (al6 E7 NP). The antigens are 
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noted above the lane numbers* The lysates were prepared from labelled infected 
cells, and the electrophoresis gel was 17.5% polyacrylamide. 

ilGURE 4 illustrates the autoradiography of recombinant vaccinia 
5 lysates precipitated with rabbit antisera against either the E6 or the E7 

nudeoproteins of Hi? VI 6. 

The vaccinia recbmbinant-infected cells were labelled for one hour with 
^^S-Cys and ^^S-Met. The infecting virus is noted above the lane numbers. 
10 Hie radidimmunoprecipitates were loaded such that lanes 1 and 5 show the 

results obtained with anti-HPV16 E6 rabbit serum (D. Lowy), lanes 2, 4 arid 7 
show the results obtained with normal rabbit serum; and lanes 3 and 6 show the 
results obmined with al6 E7 NP. The position of standard stained molecular 
weight markers are noted on the right side, while the position of E6 and E7 are 
15 noted by the left arrows. 

FIGURE 5 illustrates a pulse-chase study of the stability of the E7 
prpteiii. 

Vaccinia virus infected cells were pulse labelled for 1 hour as described 
20 hertinbelow with 35s-Cys and ^S^Met, then incubated with unlabelled medium 

for the time periods shown above the lane numbers, llie infecting virus (vNY 
or VHPV16/E7) is listed above the time identifications. After the indicated 
periods of time, the cells were lysed and maintained it 0-4^C for 
radiolmmuhpprecipitation analysis on a 17.5% acrylamide gel. Tbo odd 
25 numbered lanes represent cxl6 E7 NP precipitation products, while the 

even-numbered lanes represent normal rabbit serum immunoprecipitatipn 
products. Molecular weight markers are indicated on the right. 
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FtGURE 6 illustrates radipimmimoprecipitation of the E7 gene product 
expressed in COS cells transiently tiansfected with pCDM8*E7 mammalian 
expresflpn plasmid. 

Lanes 1 and 3 show the banding pattern obtained for proteins 
precipitated with rabbit anti-Tip E/E7- 

Lanes 2 and 4 show the banding pattern obtained for proteins 
precipitated with normal rabbit serum. 

N = Nuclear fraction. 

G == Cytosol jfraction. 
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A. Vacdnia E7 recombinant lysate was used as positive control for E7 
I. 

B. pCDM8 E7 transfected COS cells. 

C. UntraiisfecM Cos cells. 



FIGURE 7 illustrates the amino add residue sequences for the HPV16 
E6 and E7 nudeoproteins 
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FIGURE 8 illustrates the titration of two monoclonal antibodies against 
peptide 359 of the HPV16 E7 protein. The open squares show hybridoma clone 
#14, the dosed squares show hybridoma clone #10. 
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FIGURE 9 illustrates Western blots of the titration of antisera against E6 
peptides. Anti-E6 peptide sera taken 3 days post-boost from rabbits iramunized 
with peptide from the E6 ORF were titrated on Westem blots against the 
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homologous specific Tip fusion protein (16 E6 DS) only. The numbers (1) and 
(2) indicate two different rabbits immunized with the same peptide. 

FIGURE 10 illustrates Western blots of the titration of antisera against 
5 E7 peptides. Anti-E7 sera taken 3 day post-boost from animals immunized with 

peptides from the E7 OKF were titrated on Western blots against die specific 
Tip fusion protein (16 E7 NP), The numbers (1) and (2) indicate two different 
n^bits immunized with the same peptides. 

10 FIGURE 11 illustrates Western blots of two dilutions of antisera against 

E6 and E7 peptides. Seia from rabbits immunized with an E6 or E7 - peptide 
were tested by Western blotling against the spedfic Tip fusion protein and the 
^rp E vector gene product to dembristrate that the reactivity in the scrurn was 
specific for the HPViS E6 or E7 protein. The highest serum dilutions were 

15 selected to be near the endpoint of teicfivities based upoii previoxis titrations. 

The specific peptide (by number) used as the immunogen is listed above 
each set of nitrocellulose lane^; the antigen in eadi lane is denoted at the top of 
the gel and the two jdilutions of the serum used are shown at the bottom under 
20 the brackets. M indicates prestained molecular weight markers. Seruni samples 

were drawn about 1 week after the first or second boost for use in these studies. 
Antisera a358, a360 and a36i were obtained oiie week after the second boost. 
Antiserum d359 was obtained one week following the first boost. 

25 FIGURE 12 illustrates the recognition tf E7 native protein by anti-E7 

peptide antisera. Anti-j)eptide 359 antisera from rabbits bled one week after the 
first boost were usied in a radioimmunoprecipiiation assay on ^^S-methionine 
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and 3^S-cysteine labelled vaccinia E7 recombinant-infected cell lysates. The 
control al6 E7 NP (lane 1) precipitates a band of 17-18 kDa, the rabbit sera 
02nGS 3 and 4) similarly precipitate a band of the same molecular weighti while 
the 0360 serum (Lane 2) fails to predptate an E7 band. Molecular weight 
5 markers are seen at the right, 

FIGURE 13 illustrates RT-PCR analysis of cytoplasmic RNA ftom 
HPV16 E7 trarisfectaiits. ILanes contain (from left to right) pCDM8/E7 
plasmid, as a positive PGR control; cytoplasmic RNA from N7.4 and N7.2 
10 cells, respectively, which are NCTG 2555-derived HPV16 E7 mnsfectants; 

NCrC 2555 cellf, as a negative control; E7C:3, which is an M2 
melanoma-dexived HPV16 E7 transfectant; and M2 melanoma cells as a 
negative control (par). Standard base pair markers are seen on the left. 

15 nGDRE 14 iUustrates the growth of E7C3 tumors in C3H/HeN mice. 

In panel A, mice were immunized prior to tumbr cell inoculation with NCTC 
2555 fibrbblastts that haves been transfected with either the HPV 16 E7 (N7.2 and 
N7.4, open triangles, and closed circles, respectively) or HPV16 E6 (N6.8, 
open circles) gene. Ruiel fi illustrates control studies that were carried out by 

20 inoculating mice WiOi either phosphate bufTered saline (PBS^ open squares) or 

NCTC 2555 fibroblasts transfected with human melanoma antigen p97 (CX19, 
closed triangles), relative to immunization of the mice with N7.2 cells prior to 
E7C3 tumor cell inoculation. Panel C illustrates the tumor growth of the 
iparental M2 melanoma cells (par) in mice immunized with E7-transfected 
25 NCTC 2555 fibroblasts (N 7,2). 
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ETGURE 15 illustrates the effect of anti-CD8 antibody treatment oh 
tumor growth in mice immunized with N7.2 cells. Following immunization, 
mice were injected With either anti-CD8 antibodies (closed circles) or anti-CD5 
antibodies (open triangles) prior to administratioh of E7C3 tumor cells. 

5 

FIGURE 16 illustrates a flow cytometric analysis of CD4 positive and 
CDS positive splenocytps from mice treated with anti-CD8 mbnoclpnal antibody 
(right panels) or with anti-CD5 monoclonal antibody (left panels). 

10 DETAILiED DESCRTPllON OF THE INVENTION 

The {>resent invi^tioh is directed to recombinant cells, peptides, 
antibodies, comjx^sitions, and methods that are useful for the inhibition and 
treatment of hunian papilloma virus infecdoii and tumor initiation. The 
15 recombinant cells contain a I)NA construct encoding a region of an HPV 

protein, preferably E6 and/or E7 HPV nuclepprotein. These recombinant cells 
express an epitopic region of a peptide substantially corresponding to a peptide 
expressed in a mammalian cell in response to the insertion of an HPV gene into 
the mammalian cell, such as by HPV infection or recombinant means. In a 
20 preferred embodiment, peptides of the present invention substantially 

correspond to about 8 to about 30 amino add residue re^ons of HPV protein. 
In a particularly preferred embodiment the peptides of the present invention 
substandally correspond to a rcigion of the HPV16 E6 or E7 protein» and 
specifically to an epitopic region capable of eliciting an immunolo^cal 
25 interacdon with an antibody and/or T-cell surface molecule when administexed 

to a host. The present invention also encompasses compositions of these 
recombinant cells, and peptides that can be utilized as immunogenic 
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compositions, iimnunoiherapeutics or vaccines for treatmOTt of patients. 
Antibody molecules that can compete for binding sites with these peptides are 
also conteiiQ>lated herein. Specifically, antibody molecules against binding 
regions of the HPVi6 E6 and/or E7 proteins, and anti-idiotic antibodies 
5 against these antibodies, are produced that compete for HPV binding sites on 

normal and tumor cell proteins, siich as the retinoblastoma jgene product 
(RB1Q5) which binds to the HPV16 E7 protein. The present invention is further 
directed to m^ods of inhibition and treatment of human j^pilloma virus 
infection and oncogenesis. Specific methods of the present invention are 
10 directed to the treatment of a condition resultant from HPV infection, and to a 

prophylactic method to inhibit tumor initiation and progression from cells 
following the detection of HPV infection, A furtiier Aspect of the present 
invention is directed to a method of inhibiting HPV infection in a patient. 



15 



20 



Definitions 



In order to niore clearly describe the present invention and its 
embodiniehts, the follbwihg definitions are included. 

"Transfection", as uised herein, is the acquisition of new genetic markers 
by iiicozporation of added DNA into eukaryotic cells. 

"Transformation", as used herein, is the acquiatipn of new genetic 
markers by incorporation of added DNA into prdkaryotic cells. 

"Oncogenesis", as used herein, is the cellular acquisition of a neoplastic 
25 phenotype leading to imcontrolled cell proliferation. 

"Cloning vector", as used herein, is any plasmid or virus into which a 
foreign DNA niay be inserted to be cloned. 

"Plasmid", as used herein, is an autonomous self-replicating extra- 
chromosomal circular DNA. 
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"Open Reading Frame" (ORF), as used herein," is a DNA sequence 
which is (potentially) translatable into protein. 

"Helper virus", as used herein, is a virus that provides functions absent 
from a defective virus, enabling the latter to complete the infective cycle during 
a floixed infection. 

"Gene (dstrpni)", as iised herein, is the segment pf DNA that encodes 
the sequence of a peptide chain; it can include regions preceding and- following 
ihe coding region (leader and trailer) as well as intervening sequences (intrpns) 
between individual coding segments (exoiis). 

"Expressibn". as Used herein, is the process undergone by a structural 
gene to produce a peptide or protein, it is a combination of tiahsciiptipn and 
transLatipn,i • 

As used herfcin. Ae term *done" descri^^ 
or molecule? wth a single ancestral ceU or molecu 

used herein, the term "base pair" (bp) is a partnership of adenine (A) 
with thymine (T), or of t^osihe (C) with guanine <G) in a DNA double helix. 

As used herein, the term "expression vector" is any ^>lasmid or virus into 
which a foreign DNA may be inserted and/or expressed. 

As used herdn, the term "downstreani" identifies sequ«ices proceeding 
20 further in the direction of eq)ression; for example, the peptide coding region of 

a gene is downstream from the initiation codpn or in the 3' direction away from 
the gene; upstream is 5' to die sequence in question. 

As used herdn, the terra "polymerase dhain reaction" (PGR) refers to 
the amplification of DNA molecules by the successive use of a temperature 
25 stable DNA polymerase to copy the DNA chain, separating the complementary 

chains by heating, adding primers and repeating the process about 30 times to 
produce approximately IQ' copies of the DNA. By use of the PGR technique. 
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minute amouhts of DNA can be amplified to produce sufficient DNA for use in 
various procedures. 

The term "inoculum" in its various grammatical forms is used herein to 
describe a composition containing a recombinant cell or pq>tide of this invention 
5 as an active ingredient used for the pn3)aration of antibodies or elicitatipn of T 

cells against human papilloma vims infected/transformed cells. When a peptide 
is used to induce antibodies it is to be understood that the peptide may be 
ittfrequently used alone, and more often linked to a carrier or in combination 
with other components but for ease of expression these aitemadves will not 
10 always be expressed herdnafter. 

Inpcuia may also include an adjuvant. Adjuvants such as coinplete 
Freund's adjuvant (CFA), incomplete irreuiid's adjuvant (IFA) and alum are 
naaterials well known in the art and are available commercially from several 
sources. 

15 Individual inocula are teadily prepared with CFA or IFA. For example, 

an amount of recombinant cell or peptide conjugate sufficient to provide the 
desired amoimt of recombinant cells and/or peptide conjugate per inoculation is 
^ dissolved in PBS (at about 0.5 ml) at pH 7.2. Equal volumes of CFA or IFA 

tv. ^re then mixed with the solution to provide an inoculum containing the 

20 recombinant cells and/or conjugate, water and adjuvant in which the water to oil 

ratio is 1:1. The mixture is thereafter hproogenized to provide the inbcultmi. 
The vbiume of the inoculum so prepared is typically greater than 1 ml, and 
some of the recombinant cells and/or peptide conjugate, PBS and adjuvant may 
be lost during the emulsification. Substantially all of the emiilsific^tipn that can 
25 be recovered is placed into a syringe, and is then introduced into the animals as 

discussed hereinbelow. The amount of inocula introduced into an animal, such 



SUBSTITUTE SHEET 



wo 92/05248 PCr/US9 1/07081 

^19- 



as a rabbit or mouse, should be at least about 90% of that present prior to the 
emulsification step. 

In inocula of the present invention both recombinant cells and pq^tides 
may be included either alone or conjugated to a carrier protein such as keyhole 
5 limpet hemocyanin (KLH) plus a physiologically acceptable diluent such as 

water or PBS along with an adjuvant KLH is an acceptable carrier for use in 
ianinials, but it is quite costly to use on a commercial scale. The use of 
alternative carriers including soybean agglutinin, aluminum hydroxide (aluni), 
bovine serum albumin (BSA), ovalbumin, peanut agglutinin, tetanus toxoid and 
10 poly-L-lysine is also contemplated. Saponin, a plant produced glycoside, is also 

a well known adjuvant available commercially from Berghausen Ghemical 
Company, Cincinnati, Ohio, as a 5% solid solutiori, and can be used herein 
along with aluminum hydroxide. 

The above inocula stock solutions are illustrative of the inocula of this 
15 invention. As demonstrated herein, they can be used to produce aiitibbdy 

mpiecules or elicit T cells that in>ihunbreact with the recombinant cells and/or 
peptides of the present invention. 

The tefm "immunogenic cbmposition" in its various grammatical forms 
is used herein to d^cribe a type of inoculum containing a recombinant cell or 
20 pejptide of this invention, that is, an active ingredient that is used to induce an 

active immunity in a host animal. In a preferred embodiment, an immunogenic 
composition of the present invention can be a vaccine. Since active immunity 
involves boUi the production of antibodies and the elicitation of a cdl-mediated 
imrnune response, a vaccine and an inoculum may thus contain identical 
25 ingredients, but their uses are different. In most cases, the ingredients for a 

vaccine and for an inoculum are different because many adjuvants used for 
animals may not be used in humans. 
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Tbe reladvdy small peptides used in the studies of the present invention 
were synthesized using the solid-phase method of Merrifield, (1963) J. Am. 
Chem. Soc. £5:2149-2154, incoiporated herein by reference, on ah Applied 
Biosystenis Peptide Synthesizer, Modd 436A. An additional cysteine residue 
5 was inserted into the sequence at either the C- or N-terminus. After cleavage 

from the resin and d^rotectipn, the pq)tides were purified by reversed-phase 
high performance liquid chromatography. Prior to their use as immunogens the 
peptides were coupled, through thdr cysteine residues, to KLH by use of the 
bifunctioiial reagent sulfosuccinimidyl 4-(N^maleimidomethyl) cyclohexane- 
10 1-carboxylate. 

The term "synthetic" as used herein refers to a peptide molecule that has 
been built up by chemical means, that is, chemically synthesized, rather than 
b^g prejjar^ by a biological means such as by genetic CTgineering techniques. 
Vaccines and immunogenic cpmppsitipns used herein contain the stated 
15 amount of peptide alone, recombinant cells, conjugates or combinatipris thereof. 

These iinmunogenic compositions also contained a physiologically tolerable 
diluent such as water or saline, further typically including ah adjuvants such as 
complete Freund's adjuvant and incomplete Freuhd's adjuvant 

Immunogenic stock solutions were prepared with IFA or CFA' as 
20 follows: An amount of the synthetic pq>tide conjugate and/or recombinant cells 

sufficient to produce the desired amount per inoculation was dissolved in 
phosphate buffered saline (PBS). Equal volumes of CFA or IFA were then 
mixed with the solution to provide a composition containing the cells and/qr 
p^tides, water and adjuvant in which the aqueous^to-oil ratio was 1:1. The 
25 xnix wzs thereafter honiogenized to provide the stock solution. 

As used herein, an "epitppic re^pn" is a structural domain, such as a 
specific amino add residue sequence or peptide firagment, of a molecule that is 
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c^>able of eliciting a specific immunological interaction with antibody 
molecules or T cell siirEice molecules in a hosL An epitopic region can contain 
one or more antigenic determinants and/or immunogenic determinariu. 

The tOTn "antigenic determinant** as used herein, designates the 
5 structural component of a molecule that is responsible for specific interaction 

with corre^nding antibody (immunoglobulin) molecules or T cell surface 
molecules didted by the same or related antigen or immunogen. 

Tlie term "immunogenic detenniDant"» as used herein, designates the 
structural component of a molecule that is responsible foj the induction in a host 
10 of an antibody or T cell surface molecule containing an antigen combining site 

(ididtype) that binds with an immunogen when used as an aiitigen. 

The tenns "antindiptj^" ai^d "anti-ididtypic antibody" are used 
interchangeably herein, iand refer to an antibody whose antigen binding site 
spedlficaily binds to the idiotype of the primary ahdbpdy prepared against a 
15 particular antigen, such as a papilloma virus antigen, such that the anti-idiotypic 

antibody competes for the binding pf the primary antibody to the antigen. 

The term "antigen", as used herein, refers to an entity that is bound by 
an antibody or a T cell surface molecule which develops in response to the 
presented structural coniponenL 
20 Hie term "immunogen", as used herein, describes an entity that induces 

antibody or specific T cell production responses in the host animal. 

The term "unit dose" refers to physically discrete units suitable as 
unitary dosages for animals, each unit contains a predetermined quantity of 
active material calculated to produce the desired therapeutic effect in association 
25 with the required diluent; that is, a carrier or vehicle. The specifications for the 

novel unit dose of this invention are dictated by, and are direcUy dej>endent 
upon, (a) tile unique characteristics of the active material and the particular 
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therapeutic effect to be achieved, and (b) the limitations inherent in the art of 
compounding such active material for therapeutic use* 

As used herein the term "effective amount" means an amount sufficient 
to beneficially inhibit the infection and/or tiimor initiation of cells in response to 
an HPV infection. The effective amount for a particular patient may vary 
depending on such factors as the state of the infection, the overall health of the 
patient, the method of administration, the severity of side effects, and the like. 

The term •correspond" in its various grammatical forms j as used herein 
and in the claims in relation to peptide sequences means the peptide sequence 
described plus or minus up to 3 amino acid residues at either or both of the 
antino and carboxy termiiii and containing oiily conservative substitutions in 
.particular amino acid residues along Uie peptide and/pr ppl)peptide sequence* 

The term "conservative substitution" as used above denotes that one 
amino acid residue has been replaced by another, biologically similar residue. 
15 iExaihples of conservative substitutions include the substitutions of one 

hydrophobic residue such as He, Val, Leu, or Met for anotiief, or the 
substitution of one polar tesidue for anotiier such as between Arg and Lys, 
between Glu and Asp or between Gin and Asn, and the like ■ 

In some instances the replacement of an ionic residue by an oppositely 
20 charged ionic residue such as Asp by Lys has been determined conservative in 

the art in tfiat those ionic groups are thought to merely provide solubility 
assistance. In general, however, since the replacements discussed herein are on 
a relatively short synthetic pepddc region, as compared to a whole protein, 
rq)Iacenient of an ionic residue by another ionic residue of opposite charge is 
25 considered herein to be a "radical replacement" as are replacements by nbnionic 

and ionic residues, and bulky residues such as Phe, Tyr or Trp and less bulky 
residues such as Gly, He and Val. 
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The terms "nonionic" and "ionic" residues are lised herein in their usual 
sense to designate those amino acid residues that diher bear no charge or 
normally a charge, respectively, at physiological pH value. Exemplary 
nohiciiic residues include Thr and Gin, while exemplary ionic residues include 
5 Arg and Asp. 

n. Description of Preferred Embodiments 

The inhibition and treatment of human papilloma virus infection, 
10 oncogenesis and tunior initiation in patients are iaims of the present invention. 

The demonstration of the expression of papilloma proteins and peptides in 
infected ceils has encouraged the present inventors to develop the recombinant 
cells, peptides and meflipds described herdn. 

Recombinant cells of the present invention contain a gene insert that is 
15 substajitially similar to a DNA region &om a human papilloma virus. In one 

embodiment, the gene insert encodes a region of the E6 and/or E7 riucleoprotein 
of HPV16. In a particulairiy preferred embodiment, an epitppic region of the 
E6 and/or E7 prbtein is expressed. In another embodiment, the gene insert 
induces the expression of a cellular protein in a recombinant mammalian cell 
20 containing this gene insert 

The preset inventipn contemplates cjqiressioh systems for HP V-induced 
protein regions arid include viruses such as vaccinia virus and adenovirus, 
fibroblasts such as COS monkey cells and human keratinpcytes, tumor cells 
such as CaSki cervical carcinoma cells, and melanoma cells, and other 
15 mammalian cells such as epithelial cells, and lymphoid cells. In another 

embodiment, cells which are MHC class I positive, and which preferably are 
non-tumorigenic, are teanrfected with a geiie encoding a region of an HPV 
protein. In a particularly preferred embodiment, a gene encoding a region of 
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the HPV16 E6 and/or E7 protein is inserted into these MHC class 1 positive 
cells or is expressed upon infection with a recombinant virus containing these 
genes» and an immunogenic composition containing these cells are adnunistered 
to a patient baving an HPV16 induced tumor as a method of fecDitating tumor ^ 
S regression. Such tumor regression can be in response to the induction of an 

immunological response in the patient by the imrounogeqic cells and diis 
response is then directed against the tumor. 

The recombinant cells of the present invention are expression systems, or 
cells, that contain an inserted gene construct encoding a region of an HPV 
10 protdn. Illustrative expression systeins, or cells, in the present ihventipn 

include viruses such as vacciiiia virus, amphitropic retroviruses, adenovirus, 
pblibvirus and other viiiises that can be administered to patients in a 
noh^pathogenic manner, such as in an imniundgenic compdsitioh or z vacdiie, 
and cells capable of infection, transfecdon or transformation with an HPV gene 
15 such as p^pheral blood lymphocytes, and epithelial cells. The present 

invendpn contemplates all cells that are capable of integrating and expressing a 
region of a human papiiioma virus gene. Some variations in the amino add 
residue sequence of the expressed gene product that do not significandy 
diminish imniunogenici^ are contemplated in this invention, as well as specific 
20 peptide fragmmts having similar amino add residue sequences to region of E6 

and E7. 

In one embodiment the gene constructs of the present invention are 
prepared by cloning an ORiF corresponding to a region of a human papilloma ^ 
virus nudeoprotein, such as the E6 or E7 proteins of HPV16, from a plasmid 
25 containing a larger portion of the HPVi6 genome by restriction endonudease. 

The restriction fragments are then cloned into expression vectors by standard 
molecular biology procedures, such as those described in Ausubel, F, M. et al. 
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(1990) CHirent Prgtowls in Molecular Binipgy (Greene PubUshing Assoc. and 
Wiley Intersciehce) and Maniatis. T. et al. (1982) Molecular Oonini.- A, 
Laboratory Manual (Cold Spring Harbor Laboratory, NY). 

The expression vector containing the desired OKF is then further 
5 processed and inserted into the genome of a host cdl to produce the 

recombinant ceU of the present invention, such as by homologous recombination 
or integration forced by selective pressure; or introduced by viral infection of 
the cells. 

The particular site chosen for insertion of the selected QRF fragment 
10 into the dohing vehicle to form a recombinant DNA molecule is determined by 

a variety of factors. Icnowri by one skiUed in the art, such as size and structure 
Of the pqjtide or protein to be expressed, susceptibUity to degradation of the 
gene product by the host ceU arid location of standard stop codpns. 

In; a particularly preferred embodiment, a host cell of the preseht 
1^ invention is a vaccinia virus. Vaccinia virus contains a linear double-stranded 

PNA genome of approximately 187 Idlobase pairs and replicates within the 
cytoplasm of infected cells. These viruses contain a complete transcripddhal 
enzyme system Onduding capping, mediylating and polyadenylating enzymes) 
within the virus core that are necessary for virus infectivity. Vaccinia virus 
transcriptional regulatory sequences (jpromoters) allow for initiation of 
transcription by vaccinia RNA polymerase but not by host cell SNA 
polymerase. 

Expression of foreign DNA in recombinant vaccinia viruses requires the 
ligaUcn of vaccinia promoters to protein-coding DNA sequences of the foreign 
25 gene. Plasmid vectors, also called insertion vectors, have been constructed to 

insert foreign genes into vaccinia virus. One type of insertion vector is 
composed of; (a) a vaccinia virus promoter including the transcriptional 
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initiation site; (b) several xinique restriction endonudease cloning sites located 
downstream from the transcriptional start site for insertion of forrfgn DNA 
fragments; (c) nonessential vaccinia vims DNA (such as the TK gene) flanking 
the promoter and cloning sites which direct insertion of the foreign gene into the 
homologous nonessential region of the viitis genome; and (d) a bacterial origin 
of replication and antibiotic resistance marker for replication and selection in E. 
coli. Examples of such vectors are described by Mackett (Mackett et al. 1984, 
J. Virol. 49:857-864). 

Recdmbiiiant vaccinia viruses are produced after recombinant bacterial 
insertion plasmids, containing the foreign gene, are transfected into cells 
previously infected with vaccinia virus. Homologous rccprhbinatioh tak^ place 
within the infected ccUs and res;ults in the insertion of a foreign gene into the 
viral genome. The infected cells can be screened using immunological 
techniques, DNA plaque hybridization, or genetic selection for recombinant 
viruses which subsequently can be isolated. These vaccinia recombinants retain 
their essential functions and infectivity and can be constructed to accommodate 
approximately 35 kflobases of foreign DNA. Foreign gene expression can be 
detected by examining RNA levels using Northern blotting or dot blotting and 
nucleic add hybridization or by examining protein levels using immunological 
assays (for example, radioimmunppredpitation, radioimmunoassay, or 
immunpblottiiig). 

Peptides and peptide-conjugates of the present invention contain amino 
add residue sequences that substantially correspond to r^ions of expressed 
HPV proteins. The peptides preferably correspond to those regions of 
HPV-induced proteins expressed in tiie recombinant ceUs of the present 
invention. Particularly preferred pq)tides correspond to epitopic regions of 
HPV 16 E6 and/or E7 proteins. The peptides can be prepared by either the 
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solid phase synthesis method of Merrifield, referred to above, or by istandard 
genetic engineering methodology. 

Compositions containing recombinant cells and/or peptides of the present 
invention are utilized as inununogenic compositions^ vaccines and therapeutic 
compositions. In one embodiment^ a composition containing a recombinant 
vaccinia virus that expresses an epitppic region 6f the HPV16 E7 protein is 
utilized as an inimunogenic composition that can elicit a protective response in a 
patient to HPV infection and/or tumor initiation. 

The compositions of the present invention contain, in addition to the 
recombinant cells or peptides described herein, a physiologically tolerable 
diluent such as water or saline, and further typically include an adjuvant, as 
described herein above. 

The present invention also involves administering an effective amount of 
the recombinant cells and/or peptides, preferably expressing an HPV epitqpic 
region, to a patient sufferihg from a Condition resultant from HPV infection. 

Generally^ the recombinahtcells and/or peptides of the present invention 
are administered as a pharmaceutical composition comprising an effective 
amotmt of the recombinant cells and/or peptides and a pharmaceutical carrier. 
When administered parenteraliy, the composition of the present invention is 
formulated in a unit dosage injectable form (typically a solution, suspension or 
emulsion) in association with a pharmaceutical carrier. Such carriers are 
ihherenfly non-toxic and non-therapeutic. Examples of such carriers are normal 
saline. Ringer's solution, dextrose solution and Hank's solution. Nonaqueous 
carriers such as fixed oils and ethyl pleate may also be used. A preferred 
carrier is 5% de?ctrose/saIine. The carrier can contain minor amounts of 
additives such as substances tiiat enhance immunogenidty, isotonidty, and 
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chemical stability, for example, buffers and preservatives. Generally, carriers 
useful for such administration are well loiown in the art. 

Antibodies and substantially whole antibodies raised to (induced by) 
reconlbinant cells and peptides of this invention as well as antigen combining 
5 sites prepared from such antibodies and anti-idiotypic antibodies prepared to 

these antibodies aiid/or antibody fragments constitute still another embodiment 
of this invention. Such antibodies are raised in mammalian hosts such as. mice, 
rats, guinea pigs, rabbits, horses and the like by immunization using the inocula 
described hereinabove, or monoclonal antibodies conjugated to carriers for the 
Id purpose of raising anti-idiotypic antibodies. 

In a preferred embodiment, the antibody molecules of this invention 
include whole antilK>dy raised in mammals by immunizing them \vith inoculum 
containing a recombinant cell and/or peptide or anti-peptide antibody as 
described hereinabove, 

15 Antibodies pr^ared against specific peptides of E6 and E7 will allow the 

exarninatioh of cellular hpmolpgs of E6 and E7. For example, peptides, such as 
pepjtide 359, contain part of a binding region for a retinoblastoma gehe product 
termed RB105. Antibodies against such peptides may mimic iRBiOS and bind to 
cellular proteins sbanng sequence homology with E7. This identification of 

20 cellular homologs of E7 could potentially identify cellular proteins responsible 

for proliferation, and cellular proteins which may be normal ligands o^ RB105. 
The anti*idiotypes of such antibodies may mimic E7 and identify ligands other 
than KB105 of E7 itself or the homologs, Le., cell proliferation proteins. This 
can lead to identification of other cellular proteins which interact with cellular 

25 proliferation proteins to either up or down^regulate proliferation, such as tumor 

suppressor proteins or tran^orming proteins. Similar studies can be applied to 
E6 and its ligand p53 arid other uiiknown ligands of either E6 or p53. 
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Rabbits may be immunized with inocula containing 50 fig to 1.0 rag of 
recombinant cells and/or a peptide conjugate in complete Freund's adjuvant, 
and bpoited two or three weeks later with 10 fig to 1.0 mg of recombinant ceUs 
or conjugated pqjtide in incomplete Freund's adjuvant. Each rabbit 
immunization consists of ten intradermal injections on the back, two of which 
are in the sub-scapular region and boosts in five sites, one being in the 
sub-scapular region. Rabbits were bled two weeks post-primary and one week 
(5 - 8 days) subsequent to the boosts. 

Sera containing immunologically active antibodies would then be 
produced from the bleeds by methods weU known in the art. These antibodies 
are immunoreactive with one or more of the peptides of this invention. Such 
antibodies can then be utilized by similar methodology to produce ahti-idiotypic 
antibodies of one or more peptides of this invention. 

Suitable monoclonal antibodies, typically whole antibodies, can also be 
prepar«i using hybridoma tedmology described by Nimari et al. (1983) Proc, 
Nati. Acad, of Sci,, USA ffl2:4949, which description is incorporated herein by 
reference. Briefly, to form the hybridoma from which tiie monoclonal antibody 
is produced, a myeloma or other self-peipetuating cell line is fused with 
lymphocytes obtained from the spleen of a mammal byperimmunized with a 
recombinant cell ot peptide or antibody of the present invention. 

It is iweferred that the myeloma cell line be from the same species as the 
lymphocytes, but cross-species hybrids can be raised in nude mice. Typically, a 
mouse of the strain Balb/c is the preferred mammal. Suitable mouse myelomas 
for use in the present invention include AG-8 cells and NS-rl cells. 

Splenocytes are typically fused with myeloma cells using a polyethylene 
glycol, such as PEG 1500 or PEG 6000. Fused hybrids are selected by their 
sensitivity to HAT media (hypoxanthine, aminopterin, and thymidine). 
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Hybridomas producing the antibody molecules of the present invention are 
identified using the enzyme linked immunoabsorbant assay (ELISA) described 
hereinafter. 

Monoclonal antibodies need not only be obtained from hybridoma 
5 supernatant, but may also be obtained in generaUy more concentrated form, 

from ascites fluid of mammals into which the desired hybridoma have been 
introduced. Production of monoclonal antibodies using ascites fluid is well 
Impwn and will not be dealt with further herein. 

Methods are contemplated by the present invention for the inhibition and 
10 treatment of HPV infection and conditions resultant from HPV infection in 

patients. 

In one embodimeht, a method for the treatment of a condition resultant 
from HPV infection includes the administration to a patient of a therapeutically 
effective amount of a composition of the present invention for a time period 
sufflcieht to inhibit the progression of the condition. Illustrative conditions 
include cervical warts and human cervical carcinoma, in which treatment with 
the composition, of the present invention prevents or retards tiie further 
progressioin of the condition in the patient 

A prpphyiactic method is further contemplated to inhibit tumor initiation 
in a patient following the detection of HPV infection by which a therapeuticaUy 
effective aipount of the composition of tiiis invention is administered to the 
patient to eUcit a protective response that inhibits tumor initiation. Preferably, 
administration of an immunogenic composition containing the recombinant cells 
and/or peptides of tiie present invention elicits Uie recruitment of CDB+ T 
lymphocytes thai mediate the inhibition of tumor initiation in tiie patient. 

A method for inhibiting HPV infection in a patient at risk for exposure 
to HPV is also contemplated in the present invention. In this method a 
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stt£f!cient amount of an immunogenic composition containing the recombinant 
cdls and/or pq)tides of this invention is administered to a patient to effectively 
elicit an immunologically protective response in the patient to inhibit subsequent 
infection by HPV. 

5 In a preferred embodiment, the immunogenic composition is a vaccine 

that when adinimstered immunized the patient against HPV infection. 

The present invention is further described by the following Examples 

which ar6 intended to be iilustiative and not limiting. 

10 ' ' 

EXAMPLE 1 

Preparation of the OR^ Cnnstnirt^ of E6 and E7 

15 A. M 

IThe E6 and E7 ORFS were cloned from a pBR322 plasnrid 
(pBR322/HPyi6) containing the entire HPV16 genome. The 630 bp Ddel 
fragment (bp# 25-654) contains the E6 ORF. The Ddel fragments were 
bluht-ended with the Klenow fragment of DNA polymerase and subjected to gel 
20 electrophoresis in 3% NuSieve genetic technology grade (GTG) (FMC 

Biojiroducts, Rockland, ME) agarose. The 630 bp Ddel fiagroent was 
electrophoretically transferred to NA45 DEAE (Schleicher & Schuel, Keene, 
N.H) paper, and duted in high salt NET buffer (1.0 M NaCl, 0.1 mM EDIA, 
20 mM Tris pH 8.0) extracted at 65" C with phenol and then chloroform, 
25 precipitated with 2 volumes of 100% ethanol, and, then, the DNA pellet was 

resuspended in Tris-EDTA (TE) buffer (10 mM Tiis-Cl. pH 7.5, 1 liiM EDTA, 
pH8.0). 

The vaccinia expression vector utilized was pGS62 which is identical to 
pGS20 (Mackett et al. (1984) J. Virol. 42:857-864.) with the exception that an 
EcoRI site was deleted from the plasmid, leaving only one EcoR site 



30 



eUBSTITIJTE SHEET 



wo 92/05248 



•32- 



PCT/US9 1/07081 



downstream of the Smal site. This vector was linearized with Smal, and 
dephosphoiylated by treatment with calf intestinal alkaline phosphatase (CIAP) 
and gel purified. Recovery of the fragment from the gel was performed as 
described for the E6 ORF from pBR322, The E6 ORF, plus untranslated 
5 sequences of 58 bp 5' and 98 bp 3*/ was ligated to the pGS62 vaccinia 

expression Vector dowistream of the 7.5 k promoter. The recombinant 
plasmid, having the structure indicated in FIGURE 1, was isolated, 
characterized and propagated by standard molecular biological procedures as 
described in Maniads, T, et al, (1982) in Molecular Cloning: A Laboratory 
10 Manual (Cold Spring Harbor Laboratory. New York) and Ausubel, F. M, et al. 

(1990) Current Protocols in Molecular Biology (Greene Publishing Assoc. and 



15 



The complete HPV16 genome cloned in pBR322 was cleaved uith TaqI 
and PstI and subjected to electrophoresis. The 374 bp fragment containing the 
E7 ORjF was gel purified as described for E6. The pIC 2dR vector (Marsh, 
J.L., et al. (1984) Gene 22:481-485) was cleaved with PstI and Oal an* gel 

20 purified. The retdmbinarit piC 20R E7 plasmid having the indicated struchire 

(FIGURE 2) was isolated, characterized and propagated as described above. 
The pIC 20R E7 was treated with EcoRI and the firagnient containing the E7 
ORF was purified by gel electrophoresis. 

The vaccinia expression plasmid pGS62 was cleaved with EcoRI, u-eated 

25 with calf intestinal alkaline phosphatase and gel purified as described. The 

recombinant plasmid indicated in FIGURE 2 containing the E7 ORF and 56 bp 
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untranslated 5% and 24 bp 3" of the E7 ORF was obtained, characterized and 
propagated. 

C, 

Both recombinant vaccinia expression plasmids were expanded and 
purified by CsCl, ethidium bromide equilibrium centrifugation. 

EXAMPLE! 

Construction of Recombinant VaGcinia Virus 



The cloning steps for either E6 or E7 ORFs were designed to insert the 
open reading frames at a unique cloning site just downstream of a vaccinia virus 
15 iranscriptipnkl control element (7.5 k promoter) which is e?cpressed at both early 

and ia^ times after infection (Earl et al, (1990) J. Virol. £4:2448-2451). The 
OBFs iare flanked by the left and right arrns bf the vaccinia thyrhidine kinase 
(TK) gene to facilitate homologous recombination with the vaccinia virus 
genome. 

20 Using the geirierai method "described by Mackett, et al. (1984) J. 

Virpl. 42:iB57-864, the pGS62/E6 iand pGS62/E7 were separately inserted imp 
the vacdhia virus genome within the thymidine kiiiase gene by homologous 
recombinatioii. The parental virus, v-NY, derived from the Wyeth smallpox 
vaccine (New York City Board of Health strain) was propagated in BSC;40 ceDs 

25 after three plaque purifications* Briefly, the chimeric plasmid was introduced 

into cells previously infected by the parental type vaccinia virus. The TK 
region of the plasmid is homologous to the ITC region of the virus. The ins^ted 
plasmid recombined, inserting the foreign gene into the vaccinia virus genoihe, 
rendering the recombinant virus TK". The TK' virus was selected in TK' cells 

30 grown in the presence of medium containing 5bromodeoxyuridine. The 
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recombinant viruses were purified by three rounds of plaque purification and 
chimeric vinises were identified by hybridizatipri of the viral DNAs with either 
32p-LabeUed E6 or E7 DNA purified from a bacterial vector. 

5 EXAMFL¥:3 

Construction of Mam malian Kypn^fq^ri 
Plasihids orbM«/F/; an,< pCbMR/1=7 

The HPV 1 6 open reading flames (GKF) for E6 and E7 were separately 
cloned into the mammalian expression vector pCDMiB (Invitrogen, San Diego, 
CA) at the ffind Hr site downstream pf the immediate early (IE) 
cytomegalovirus (CMV) promoter CHGUKES 1 and 2). The E6 ORF was 
subcloned by gel-purifying the BamHI, EcoRI fragment from the pGS62/E6 
15 vacdma 'wrus ^ression plasmid and ligafing it into die BamHI , EcoRI cleaved 

jpiC 20H plasmid in order to obtain aEiiid HI site at the 5' end of the E6 ORF 
for directipnal cloning Ijito pCIDMS. Plasmid ptC 20 H/E6 was digested with 
Hind ni and Xhol arid the E6 ORF, aloflg with untranslated spquences of of 
58bp that are 5 * and 98bp that are 3' of the ORF, was gel-purified and ligated 
@ 2^ into the Hind m. Xhol-digested pCDM8 vector. iTie recombinant pCDM8/E6 

^. s^owri in FIGURE l' was isolated, characterized and propogaied, as described 

herein above. The colonies formed were.soeened by standard miniprq) DNA 
purificatioh methods, foUowed fay treatment of the DNAs with restriction 
endonucieases. the combinations of enzymes were selected to yield diagnostic 
25 banding patterns of the DNA fragments cloned in the correct orientation with 

respect to the direction of transcription, i.e 5* to 3'. Appropriate clones were 
ainpiified and their DNA purified by CsQ, ethidium bromide equilibrium 
centrifiigation. 
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The E7 ORF was gel purified from pIC 20R/E7 as an EcoRI, PsO 
fragment and subcloned into pIC 20H at the EcoRI and PstI sites (FIGURE 2). 
The E7 ORF was removed from pIG 2dH/E7 using Hind m and PstI in order to 
introduce a Hind lH site at the 5' end of the E7 ORF. The E7 ORF-containing 
ftagment was gel-puiified and iigated into the Hind m, Psa-cieaved pCDMS 
expression plasmid, along with 56bp untranslated HPV sequence 5' of the ORF 
and 24bp untranslated HPV sequence 3' of the E7 ORF, to produce pGDM8/E7 
shown in FIGURE 2. Colonies were screened, amplified and the DNA purified 
as outlined above. 



WAMFIM4 

Insgnion pf 3 DNA Unending ari fi^itnp r c Region of ah WPV 
Kucleoprotem into fep jthelial of fibroblast ^n^^ 



A PNA nucleotide sequence coirespbndihg to at least one epitopic 
region of either the E6 or E7 nucleoprotdn of human papilloma virus is inserted 
into a mammalian expression vector and traiisfected into tspithelial or fibroblast 
cells by the methods described in Example 3. hereinabove, using standard 
calcium phosphate precipitation techniques followed by glycerol shock. The 
ceUs are then placed in G418-containing Iscove's Modified Dulbecco's medium 
aMDM) (i ing G418/ihi) after liansfection. When colonies giow to a visible 
size, they are removed by using donitig rings, tiansfefred to individual wells of 
24-weU plates and grown in tissue culture to higher numbers. Part was stored 
in Uquid nitrogen in 10% DMSO. 90% fetal calf serum and used for fiirther 
25 studies. 
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EXAMPLE 5 

Radioininninoprecipifcit^ >n of Efi and P.7 <^ ^f 
PrP<iVCt from Recombinant Vaccinia VinK Tnfi^ TT I 

Rabbit antisenim against HPV16 E7, and HPV16 E6 TrpE fusion 
protdns were prepared (al6E7NP and al6E6DS, respectfiiUy) and provided by 
D. CSalloway as described in Jenisoh et al. (1988) J. Virol. 62:2115-2123. 

Rabbit antiserum against HPV16 E6 was provided by D. Lbwy (Nationai 
CancCT institute, ILaboratpry of CeUuIar Oiicogloy. Befliesdai, MA) as described 
. in Androphy et al. 1987, EMBO 6:989. 

BSC40 monkey ceUs infected for li hours with a vaccinia recombinant 
virus of the present invention or CaSld cervical carcinoma cdls (obtained from 
the ATCQ were labeUed for 60 minutes in a 10 cm culture dish in 
meUiionine-firee m^vuh si^plemehted with 5% diaii^ed fetal calf serum 
(FCS), 0.25 mCi of pssj-inethiohine and 0.25 mCi of t35si.cysteine. The ceils 
were lysed in 1 ml of iysiiig buffer (20 mU Tris-HCI, pH 7.4, 50 niM l^zCl, 
0.5% Nonidet P-40, 0.5% depxychoiale, 0.5% sodium dpdecylsul&te (SPS), 
p.l trypsin inhibitor ubit/iiil of aprotinih, and 1 mM EDTA) and briefly 
sonicated. 

The lysate vns pre-cleared by incubation at 4''C for i hour with 10 nl of 
normal rabbit serum or vaccinia immune iabbit serum and protein A-Sepharose 
beads. After centrifogatioh the beads were diseased. Ilie cleared lysates Were 
incubated with rabbit aiE6 (D. Lowy) or E7 (al6E7NP) immune serum that had 
been preadsdibed by incubation with unlabeUed vaccinia virus lysate. Protein 
A-cpated Sepharose beads were then added to tfie mixture of immune rabbit 
antibody and ceU lysate, and incubated. After centrifu^atioir the beads were 
washed twice with RIPA buffer (10 mMTris-Ha(pH 7.4), 0.15 M NaCl, 1% 
m-AO, 1% deoxycholate, 0.1% SDS. 0.1 trypsin inhibitor unit/ml of aprotinin) 
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and then consecutively with high-salt buffer (10 mM Tris-HCl(pH 7.4), 2 M 
NaCl, 1% NP-40, 0.5% deoxycholate), low salt buffer (d.5% NP-40, 0.1% 
SDS in PBS), 1 M MgCl2, 1 M Tris-Ha(pH 7.4) and RIPA buffer. 

The proteins were released from the antibodies and beads by boiling for 
5 5 minutes in saniple buffer anjd analyzed by 17.5% SDS^PAGE in comparision 

to prestained standard molecular weight markers. 

Autoradiography of the gels demonstrated the presence of a band of 
about 17 kDa molecular weaght in the E6^vaccinia recombinant iysiates when 
anti-^E6 rabbit serum (provided by D. Lowy) was used to precipitate the lysaies. 
10 (FIGURES 3 and 4). No band was seen in the corresponding position in either 

lanes when the precipitation was performed with ndrmal rabbit senim or the 
lanes where vNY lysates woe i)redpitated with anti-E6 rabbit se:njrn. 

Two vaconia E6 recombinant plaques, 7.1 and 8.1 were expanded and 
analyzed with siniilar results. 
15 When the E7-vaccinla recombinant lysates were anadyzed by 

autoradiography, as described above, a band of 18-20 kDa was found upon 
precipitation with anti-E7 rabbit serum (al6 E7 NP). No band was seen in the 
corresponding position in either of the lanes where the predpitation was 
performed with normal rabbit serum or the lanes where radiolabelled vNY 
20 lysates were precipitated with anti-E7 r^bit serum. A pulse-chasje study 

(FIGURE 5) demonstrated that E7 protein is degraded 2-6 hours after syntheas. 
Similar results have been shown for the E7 protein in CaSki cells (D. Smotkin 
and F. Wettstein, (1987) J. Virol. M:1686-1689) that carry the; entire HPV16 
genome. The migration of the E7 proteins appears identical to that seen in the 
25 CaSki lysate, suggesting that a full length gene product is made in the 

recombinant vaccinia cells. 
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EXAMPLE6 

Radioimmunoprecipitation of the E7 
Gene Prod uct from Recombinant COR (p ^m 

COS monkey cells were tiarisfecied with the pCDM8/E7 plasmid of the 
present inventioii and grown in culture, for 48 hours. The cells were then 
labelled with ^^S-Mci and ^^S-Cys as described in EXAMPLE 5 for GaSld 
cells. The cells were then partitioned into nuclear, cytosdl and m^brane 
iractions as descnbc^i in Satb et al. (1989) Virology 170:311^315. 

The proteins were released by boiling for 5 minutes in sample buffer, as 
described in EXAMPLE 5, and analyzed by 17.5 % SDS polyacrylamide gels in 
cpmparision to piestained standard molecular weight marlcers. Autoradiography 
of the gels demonstetted Jhe presence of a band at about 18 kDa upon 
predpitation with anti-E7 rabbit serum. The results are shown iii FIGURE 6. 

E3CAMPLE7 

The Western blot study of the imraunogenicity of the E6 and E7 peptides 
was performed using fusion proteins composed of TrpE linked to segment of 
the HPV16 E6 or.E7 ORFs as described in Jenison et al. (1988) J. ViroL * 
62;2115-2123. 

Briefly, fusion proteins were partially purified by means of their relative 
insolubility in nonionic detergents. A 50 ml induced bacterial culture was 
pelleted, suspended in 10 ml of Tris-EDTA buffer (50 mM Tris 8.0)-5 mM 
EDTA) and digested at (M** C for 90 minutes with lysozyme (2 rog/ml). 

NaCl (5,0 M) and 10% NP-AQ were added to a final concentration of 0.3 
M and 0,7%, respectively, and the mixture was maintained at 0-4*C for 30 
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minutes. The solution was passed through an 18-gauge needle three times to 
rediuce its viscosity, and was maintained at 0-4 ^^C for additional 30 minutes. 

The insoluble fraction was pelleted at 16,000 x g at 4*C for 10 minutes, 
resuspended in 10 ml of 10 mM Tris(pH 8.d)-1.0 M NaCl, and maintained at Q 
to 4*C for 10 minutes. The insoluble ftaction was pelleted, as described above, 
resuspended in 1.0 ml of Laenimli protein sample buffer (Laemmli (1970) 
Nature 222:680) (10 ml 0,625 M TRIS pH 6;8, 20 nil 10% SDS, 20 ml 
glycerol, 2 ml 2-mercapto6thanpi, 1 ml 1,5% Brpiriophenol Blue (prqiared in 
70% leageht alcohol), 1 ml 1.0% Pyronin Y (Biorad Catalog No. 161-0425, or 
equivalent, prepared in H2O). and 36 ml deionized H2O) and heated to lOO^'C 
for 5 minutes. 

Fusion prptein preparations were separated by electrop^horesis through 
10% iK^iyacrylainide gels containing 0.1% sodium dpdecyl sulfate (SDS). The 
fusion protein was quantitated by visual inspection of Coomassie blue-5teined 
gels. The volume of each quantity of insoluble prdtein fraction loaded per 6 
mm slot was adjusted to give a Coomassie blue-staining intensity equivalent to 5 
iig of bovine serum albumin. Proteins were transferred to nitrocellulose in 25 
niM Tris-195 mM glycine (pH 8.5)-20% methanol (Western transfer buffer) at 
100 mA for 16-18 hours. Blots were soaked for 10 minute in 
phosphate-buffered saline containing 10 mM N-ethylmaldmide, incubated for 2 
hours in 5% nonfat dry milk, 0,9% NaCl, 0.1% Antifoam-A (Sigma Chemical 
Co., St. Louis, Mo.), 0.1% sodium azide and 1 mM potassium iodide (blotto) 
and then incubated for I hour in blotto containing 10% fetal calf serum. 

Bloddng reagent was prepared from a 50 ml induced bacterial culture 
which was pelleted, resuspended in 3.6 ml of 50 mM Tris (pH 8.5), 5 mM 
EDTA, and sonicated at 50 W for 20 seconds; 0.4 ml of 20% SDS was added, 
and the lysate was healed to 100 C for 5 minutes. This reagent termed 
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"Blocko" was stored at (-20'*C) in aliquots. To make the trpE protein sample 
run as a negative control antigen for Western blots, the lysed induced bacterial 
culture containing the vector (path 10) only was pelleted ias described to make 
"Blocko"* This cell lysate was mixed 1:1 with 2X Laemmli sample buffer, 
5 boiled 5 minutes and run on gels to view the Tip control protein. 

To make blocking reagent, this mixture ("Blockp*) was diluted 1:10 in 
blpttp» and NP-40, and sodium depxycholate were added to a final concentratiori 
of 0.1% each. Rabbit sera were diluted 1:100 in 2.5 inl blocking reagent and 
prdncubated at 4**C for 8 hours. Nitrocellulbse blots were then added, and 

10 inciibadon at 4**C was continued for 16-18 hours. The blots were washed three 

dmes in 0.5% deoxycholate, 0.1 M NaCl, 0.5% Triton X-IGO. and 10 mM 
sodium phosphate (pH 7.5) for 20 minutes p^ ?ach wash. Goat anti-rabbit 
senim cohjugated with alkaline phbq)hatase (Boehringef Maxmhexm 
Biochemicals, ihdianapdlis, IN) was added diluted 1:1000 in blotto. After a 2 

15 hour incubation at about 27*C, the filters were again washed three times and 

transferred to the solution of siibstrate (TABLE 1) for 10 minutes or until color 
developed. The reaction was stopped by rinsing the filters in distilled water. 
The filters were dried and photographed. 
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TABLEl 

WESTERN BLOT REAGENTS 



10 



15 



20 



25 



30 



35 



40 



45 



50 



JOX TRANSFER B Vyhkk 

Tnsni biK QS wM Tru) 
Glycine 0-95 mM) 



288.27 s 



ypoa dilmaco to XX, add McOH lo 30% of CniJ volume 



BLOi i O 



Non&i powdered milk (5 %) 
NaCI<6^%) 
AnaCoftm A (0.1%} 
Sodium aztde (0J%) 
PoUuium iodide (1 xnM) 



W fc^ T JbJ^ K WASH 



4UTERS 


tUTERS 


200 s 


400 s 


36f 


72 g 


12ml 


24 m] 






0:664 s 


1-33 S 


4 LITERS 


8 LFTTRS 


20 1 


40 g 


20 m! 


40 ml 


23 .4 t 


46.8 g 


40 ml 


SOihl 



Dfoxycbplie acid (6.53) 

TritoziX^IO0<04%^ 

KaCl(0.1M) 

1 M Spdium^pboiphau, pH 7.4 
(tOuiM) 



(I M Bodium pbo«pl»u . 268 g K»2HF>047H20 P»c«i lo dlwolve), •pprox. 4 nJ &5 % H3PO4 to pH 7.4. ij j 
tolliter> 

AlKALIKE PHOSPHATASE SUBSTRATE 

Enoogh for 2 biou. Mix *ftcr cdditiOD of Mcb reigem. Proicct firom ligbu um within I bour^ 

lOm) 
33 /il 

ALXAUNE PKOSPHATASB TOFFgg 



AOcAline pbovphaUK buflcr 

NBT Bubstnte C50 mg/ml in 7DZ dimethylfonnaxhide) 
BCIP «ubsttato (50 nft/oil la 100% diiDctfaylfonnudde) 



66 /J 



IMTiit, pH9J 
5MH«a 

lMMgC32 
Q.S.tolOOinl 



!Oml 
2ml 



(100 mM tri»-HCl. pH 9.5) 
(100 mM NaQ) 



0.5 ml 



( 5 mM MgClj) 



NBT SUBS TRATE Nitro Blua TetnzoUum (Sigma) 

BCIP SUBSTRATE 3 Bromo^»<hlon>>3-indoyl Pbo»pth»te fSigraa) 
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EXAMPLES 
HPV Peptides 

Synthetic peptides cprresportding to specific regions of either the E6 or 
E7 nucleoprotein of HPV16 were synthesized. The specific peptides are listed 
in Table 2, arid correspond to the designated amino acid residues, read from the 
amino terminus to the carboxy terminus, in the sequence of the E6 or E7 
proteins, as illustrated in FIGURE 7. 

"~ ^ TABLE 2 ""~ 



Amino 

15 fepiidei E6 orE7 Acid Position 



359 E7 29-50 

360 E7 70 -«1 

361 E7 1-10 

357 E6 148-158 

358 3E6 119- 134 

375 E6 8-20 

376 E6 1- 20 



EXAMPLE9 
Monoclonal Antibody Production 
30 Using HPV16 Peptides as Immunog en 

Twenty micrograms of peptide 359 conjugated to keyhole limpet 
hempcyanin (KLH) was emulsified in complete Freund's adjuvant and 
administered to mice subcutaneously and iniraperitoneally. Approximately 3 
35 and 5 1/2 weeks later, booster injections were given intraperitoneally in 

incomplete Freund's adjuvant. Spleen cells were han^ested after 3 days and 
fiised with the AGS myeloma line by standard hybridoma techniques, (see 
M ilstei n , sajoJ- Si^mates from healthy clones were screened for the 
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presence of specific antibody in EUSA assays using plates coated with the 
unconjugated peptide at 500 nanograms per well in O.I M carbonate buffer, pH 
9.6. Goat anti-mouse IgG conjugated to horse radish peroxidase (HRP) was 
added after 3 washes, and substrate reactions were performed by standard 
EIJSA methodology. Two highly reactive clones (clones #10 and #14) were 
chosen for further cloning and their supematants were titrated in the peptide 359 
ELISA with Uie result seen in FIGURiB 8. Sinnlarly, monoclonal antibodies 
have been prepared against E6 peptides 358 and 375 (data not shown). 

EXAMPLE 10 

Peptide - KLH r pirnuno^^icitv Studie.^ 

Rabbits were immunized by intodermal administration of iOO /ig of the 
peptide conjugated to KLH, mixed with convpleite Freund's adjuvant. The 
animals were boosted three weeks later by intradermal administration of 50 fig 
of the peptide conjugated to KLH, mixed with incomplete Freund's adjuvant. 
The rabbits were bled Uiree days after this boost. 

Sera was stored at (-20*^C). iRabbit antisera against Trp E-HPV fusion 
proteins were prepared as described in Jenison et aJ. (1988) J. of Virol. 
62:2115-2123, and were provided by Dr. Denise Galloway (Fred Hutchinson 
Cancer Research Center, Seattie, WA). To eliminate antibodies directed against 
E. coli-encoded proteins (including the Trp E portion of the fusion proteins) 
sera were preabsori)ed against denatured lysates of E^ coli which express vector 
(pATH) sequences, using the Blocking reagent described in EXAMPLE 7 
hereinabove. 

Rabbit sera were serially dUuted and reacted in Western blot assays 
against Tip E-E6 and E7 fusion proteins. All anti-peptide sera were reactive 
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With the homologous fusion proteins, demonstrating the immunogenicity of 
peptide conjugates; the titer of antisera is expressed herein as the reciprocal of 
the highest dilution showing reactivity with the specific protein in Western blot 
analysis. The titers of the various antisera are shown in Table 3 and the 
Western blots of flie titrations are seen in FIGURES 9 and 10. 



TABLE3 

10 Rabbit Sera Titer * 

Ot357 (E6) 03.200 

"358 (E$) 102,400 06.400 

"359 <E7) 0409,600 0409.000 

1.600 



20 



100 



15 0360 (E7) 



0361(E7) 800 
016E7NP 720,000 
016E6DS 40.000 - 80,000 

HighKt reciprocal dflution showing positive staining 6f E6 or E7 band. 
Two titers mdicates two different rabbits were tested. 



The anti-peptide 359 antiserum was the most reactive of the antisera 
25 tested in these Western blots, having a titer of a409,600. Hie specificity of 

these reactions were demoiistrated by reacting two serum dilutions with both the 
homologous Trp fusion protein and with tiie tip control antigens in Western 
blots. The sera were found to be spedfic for the homologous fusion protein 
(FIGURE 11). Titers for the anti-peptide 359 antisera were al.000,000 in this 
30 assay. 

Positive control rabbit sera (al6E7NP and al6£6DS) were prepared 
against Trp E-E6 fusion protein, pl6 E6 DS-2 (Drain(lll)-Sau3a(525)) and 



SUBSmrUTE SHEET 



wo 92/05248 



-45- 



PCr/US91/0708l 



against E7 fusion protein, pl6 E7 NPI (Nsi I (562)-Psa(875)) respectively, and 
provided by D. Galloway, Fred Hutchinson Cancer Research Center, SeatUe^ 
WA. 

5 EXAMPLE 11 

Identificadon of B Tell Fp itones hv ET.TSA 

Kill conjugated E6 and E7 pq)ddes, as described in Example 10, were 
10 used in an ELISA assay to deterinine whether diey represent antigenic epitopes, 

recognized by animals immunized with bacterially expressed HPV16 E6 or 
HPV16 E7 fusion proteins. 

The three E7 peptides, described in EXAMPLE 8. ww-e recognized by 
rabbit antisera against Trp E-E7 (al6 E7 jlP) (provided by D. GaUoway, Fred 
15 Hutchinson Cani^er Research Center, Seattle, WA), as seen in table 4. A 

monoclonal antibody recognizing HPVi6 E7 purchased from Triton Biosciences 
was mapped to the aminoterniinal peptide 361. 



20 



25 



TABLE 4 ■ ~ ~- 

Titer* of antiserum tested in EUSA against KLH-coniugated peptides from the 
E7 open reading ftame. *^ 

_ mcAb Triton 

ESEBsie «16E7NP Bioscience 



359(aa 29-50) 1,600 < 100 

360(aa 70-81) 6,400 < 100 

361(33 1-10) 12,800 al2,800 

Titer was determined as the reciprocal of the highest serum dUution showing 
four-fold higher ELISA values than background. Badcground was 
oftennined usmg normal rabbit serum at 1:100 on the same pepdde-coated 
35 plates. 
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Two peptides from the E6 sequence (357 and 358) were similarly 
studied, The results are shown in Table 5 for use of two different anU-E6 
autisera. Peptide number 358 is reactive with HPV16-E6 (Ldwy) at a sermn 
5 dilution of 1:400, whUe al6E6DS has a lower reactivity (1:100). Peptide 357 

was weaUy recognized by al6E6DS at a 1:100 serum dilution. 

jQ ~ TABJLE5 ■ ■ — 

Seni^nt^e.""'"^ ^ ^^^"^ KLH-conjugated peptides of the E6 

15 PsEfide sa^mm aHPV16-E6 fT.nwv^ 

357(aa 148-158) 100 <loo 

20 35«(aa 119-134) 100 400 

' fvsk S7es AriS.K fe'^F*^ the highest dilution showing 
S Tabl^ background values, with background determined ai 



25 



30 



35 



EXAMPLE 12 
Recognition of Narivg y:^ Prr^^^-n 
Anti-Peprifift Anti^m 

Rabbits were immunized with E7 peptides, as described in Example 8, 
according to tiie method of Example 10 and as assayed by RIP. The results 
shown in HGURE 12 illustrate die recognition of the E7 peptide by anti-E7 
peptide antisera. Autisera from rabbits immunized witii peptide 359. 
corresponding to amino add residue 29 to 50 of E7. recognized Uie native E7 
protein in vaccinia recombinant lysates as determined by 
radioimmunoprecipitatipn . 
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EXAMPLE 13 

Reverse Transcriptase-Polvmetase Chain Reacrion 
Anajvgj^ Of ]RNA 

5 

Twenty-four clones each of the M2 murine melanoma cells and NCTC 
2555 fibroblast cells that were transfected with the pCDM8/E7 plasmid as 
desciibed in Example 3, hereinabove, were examined by RNA dot blot assay. 
Three of these clones which gave positive signals were then further examined by 
i 0 reverse tFan5ciiptasq>olymerase chain reaction (RT-PCR) analysis. 

Cytoplasmic RNA from these transfected cells were isolated as described 
"in Ausubel et al. (1989) in Current Protocol in Molecular Bioiopv . Greene 
Publishing Associates, 

Typical primer extension-RT of cytoplasmic RNA to synthesize ifirst 
15 . strand cDNA was usedj together with PGR to amplify the cDNA. One jug of 

the cytoplasmic RNA was used as a template for the amplification reactions. 
The first strand cDNA was synthesized by using inurine feukemia virus reverse 
transcriptase (Life S^^^ 

RT buffdr contairiing denatured RNA samples, 1 /ig denatured random 
20 hexanier, 1 mM of each deoxynuclebtide triphosphate (dNTP), 10 mM sodium 

pyrophosphate. 5 mM dithiothreitol, 10 units of RNasin (Promega, Madison, 
V/J) and 18 units of murine leukemia reverse transcriptase was maintained for 
one hour at 42*" C, and subsequently denatured at lOO^C for 10 minutes. The 
supernatant was used for PCR. 
25 The oligonucleotide primers used for PCR were 

HPVA22:5'-GCATGGAGATACACCTACATTG-3' and HPVA20: 5' 
-TGGTTrCTGAGAACAGATGG-3' (DNA Factory, San Diego, CA). The 
cDNA fragments of 292 bp were amplified. The PCR reaction mixnire 
(GeneAmp DNA amplification Reagent Kit, Perkin Elmer Cetus, Norwalk, CT) 
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contains 200 /xM dNTP. 1 fiM primer HPV A22 and HPV A20, various cDNA 
synthesized by RT and 2.5 units of Taq polymerase. One ng of pCDMS/E? 
plasmid was used in the PGR as a positive control. PGR (denaturation at 94''C 
for 1 minute, alin^iling at 50*C for 2 minuleis and extension at 72 "^G for 3 
5 minutes) was perfpined by a DNA Thermal Cycler (Perkin Elmer Cetus) in 33 

cycles and 20 of PGR products were fractionated by electrophoresis on a 4% • 
NuSieve agarose gel (FMC Bioproducts, Rockland, ME) stained with ethidium 
brpimde. 

The results shown in. FIGURE 13 illustrate that the PGR products from 
10 three transfectants (E7C3, N7.2 and N7.4) display the predicted 292 bp DNA 

fragments. Hie parental cell lines {melanoma and NCtC 2555 fibroblasts 
cells), however, do not display these fragments. 

Whra the mRNA isolated from these transfectants was pretreated with 
DNase-frte RNase before RT-PCR, the PGR product did not display these 
5 fragments, as monitored by gel electrophoresis. 

EXAMPLE 14 

^ Tunnor Induction and Regression 

The ability of immunization with HPV transfected cells to protect against 
tumor develt^ment was studied in fenude C3H/HeN mice, 6-10 weeks old 
(Charles River Breeding Laboratories). 

Groups of 5 mice each were injected intraperitoneally with a non-tumor- 
igenic transfectarit, derived from NGTG 2555 fibroblast cells, expressing either 
an HPV-E6 or -E7 epitope and expressing a high level of 
majbr-histocompaiibility complex (MHC) class I antigen. The mice were then 
challenged by subcutaneous administration of a tumorigenic dose (4 x 10^ cells) 

i 

of M2 melanoma cells transfected with HPV16 E7 (E7C3) on the shaved right 
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backs of the mice. Tumor mass was detennined by measurement of the 
diameter of the tumor. The results, shown in HGURE 14, show that 
immunizadpn with fibroblast cells expressing an E7 epitope resulted in a 
transient development of tumors by the E7C3 ceUs which was invariably 
followed by tumor regression. Inoculation with fibroblast ceUs expressing an 
HPVi6 E6 epitope, the other hand, did not inhibit tumor formation by E7C3 
cells and non-immune mice consistently developed primary tumors when 
challenged vwdi E7C3 cells. 

Siinilar studies in which mice were injected intraperitoneally with E6 or 
E7 Haiisfectant fibroblasts and then chaUenged with E6 tiansfected M2 cells 
produced similar results; E6 transfectant fibroblast administration protected 
against tumor formation by.M2 cells transfected with E6, but not by M2 cells 
transfected with E7. The results are shown in Table 6. 



Mice inoculated with: 



TABLE 6 



FIBROBLASTS 


MELANOMA CFTT S 


TUMOR GROWTT^ 


None 


M2 


Yes 


None 


E7C3 


Yes 


None 


M2/E6 


Yes 


Ncm-tnnsfected 


None 


No 


Non*«razisiected 


. E7C3 


Yes 


E6 


None 


No 


E6 


M2 


Yes 


E6 


M2/E6 


No 


£6 


E7C3 


Yes 


E7 


None 


No 


E7 


M2 


Yes 


E7 


E7C3 


No 


E7 


M2/E6 


Yes 
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Injection of C3H/HeN mice with E7C3 ceUs produced tumors in the 
mice. When interferon concurrenUy administered to these mice, quick 
regression of the tumors occurred; however, interferon administered to mice 
injected with the non-transfected M2 ceUs did not inhibit ttimor development. 

Studies in nude mice showed that functional T cells are needed for tumor 
reigression to occur. Tumors developed in nude mice in response to inoculation 
with either transfecied or non-^transfectfid M2 cells, -nie results of this smdy are 
shown in Table 7. Further, the presence or absence of inieiferon had no effect 
upOn tumor developitient in liude mice. 



15 



20 





TABLE 7 




inogulum; 




PROGRESSIVE 


MIS 


TUMOR GROWTH 


. ;M2 


C3H/HcN 


Yes 


M2 + loterferon 




Yes 


E7C3 


t3H/HeN 


Yes 


E7G3 + Interferon 


CSH/HcN 




M2 


Nude 


Yes 


E7C3 


Nude 


Yes 


iE7C3 + interferon 


Nude 


Yes 


M2 + Interferon 


Nude 


Yes 



EXAMPLE 15 

CD8 » t Lvmphnrvtft 
MediaHnn of Tuitinr Repression 



C3H/HeN mice were immunized with NCTC 2555 derived 
non-tumorigenic fibroblasts transfected with HPV16 E7 (N7.2). These mice 
were then each injected intraperiioneally wth 1.0 ml of PBS-diluted ascites 
fluid containing 1 mg of an anti-CD8 monoclonal antibody (done 116-13.1 
IgG2A from ATCC) to deplete the CD8+ T lymphocytes. Control mice 
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received 1 ml of PBS-dUuled ascites fluid containing an isotype-matched 
anti-CD5 moncclonal antibody (hybridoma 10.2 IgG2a, Oncogen). 

The results are shown in FIGURE 15. N7*2-immuni2ed anti-CD8 
ihonoclonal antibody treated mice developed progressive tumors when 
5 challenged with E7C3 cells. However, the control N7.2-immuni2ed anti-CD5 

monoclonal antit>pdy-treated mice resisted projgressive tumor development when 
challenged with E7G3 cells. FACS analysis of the lymphocytes population of 
the mice was carried out by staining splenocytes of these mice with anti-CD4 or 
anti-CD 8 and then monitoring by florescent activated cell sorter analysis. The 
10 results Bxe showa in FTGDRE 1$. Depletion of CD8"*" cells v/zs shown to be 

greater than 90% in anti-CDS treated mice. The CD4+ lymphocyte subset in 
those itiice was measured with fludresein conjugated anti-C and demonstrated 
no change in GP4 subset in ft^ 

These results indicate that CD8+, HPV16E7-specific T lymphocytes are 
15 important effecto^ cells in mediating tumor regression of MlfEH tumors in mice 

immunized with N7.2 

The foregoing description and Examples are intended as illustrative of 
the present invention, but not as limiting. Numerous variations and 
0 modifications may be effected without departing from the true spirit and scope 

of the present invention. 
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wg Claim: 

1. A comppsitipn comprising ah immunogebic peptide that substantially 
corresponds to the aniino acid residue isequence of a jpeptide expressed in 

5 a mammalian cell in resix5nse to human papilloma Viruis infection* 

2. The comppsitipn of Claim 1> comprising a recombinant cell containing a 
gene ehcodirtg said peptide. 

10 3. The composition of Claim 2, wherein said recbmbinaht cell is a virus. 

4- The composition pf piairri 3, wherein said virus is a vaccinia virus. 

5. The compositipn of CSaim 2, wherein said recombinant cell is selected 
15 from the group consisting of epithelial cells, fibroblasts and MHC class I 

positive lymphocytes. 

6. The composition Pf Oaim 2, wherein said recombinant cell Js a mmor 
ceU. 



20 



7. The composition of Claim 2, wherein said gene encodes a peptide 
substantially corresppnding to a region pf the E6 nucleoproteiii. 

8. The composition of Claim 2, wherein said gene encodes a pq>tide 
substantially corresponding to a region of the E7 nucleoprotein. 



SUBSTlTUtE SHEET 



92/05248 PCT/US91/07081 

-^54- 



9. The composition of Claim 1, wherein said peptide cbmpxises an q)itopic 
region of the E6 protein. 

10. The composition of Claim 1, wherein said peptide comprises an epitopic 
region of the E7 protein. 

11. The composition of Claim 4, comprising a recombinant vaccinia virus 
containing a gene that encodes and expresses an epitopic region of an E6 
nucieoprotein of human papilloma vinis. 

12. The compbsition of Claim 4, cbmpiising a feeombinarit vaccinia virus 
containing a gene that encodes and expresses an epitopic region of an E7 
riudTOproteiri of human p^ 

13. The coinppatiori of Claim 4 comiprismg a recombinant vaccinia virus 
containing a region of a geiie of human papilloma viruses that induces 
the expression of an immunogenic pq)tide in a mammalian cell. 



14. 



The composition of Clahn 6, wherdn said tumor cell comprises a 
xecpnabinant manmialian cell containing a region of the E6 gene of 
human papilloma vhiis that encodes and expresses an epitopic region of 
an immungenic peptide by said mammalian cell. 



15. The composition of Claim 14, wherein said mammalian cell is a human 
cell. 
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16. The composition of Ctaim 6, wherein said mammalian cell comprises a 
recombinant human cell containing a region of the E7 gene of human 
papilloma virus that encodes and expresses an epitopic region of an 
imtnuhogenic pepdde by said melanoma cell. 

17. The composition of Claim 16. wherein said jnammaUan cell is a ceH 
selected from the group consisting blood cells, fibroblasts, and ^ithelial 
ceils. 

18. A method of treating a condition resultant from human papDloma virus 
ihfectioh comprising: 

administering to a patient a theiapeuticaliy effective amount of a 
composition, comprising a peptide that substantially corresponds 
to the amino iacid residue sequence of a region of a pepdde 
expressed in mammaiian cells in response to a human papilloma 
virus infection, for a time period siifficieht to inhibit . the 
progression of said cbnditioh. 

19. The method of Claim 18, wherein said compositipn comprises a 
lecombinaht cdl containing a region of ah E6 gene of human papUloma 
virus that induces the expression of aii immunogenenic peptide in a 
miammalian cell. 



20. The method of Claim 19, wherein said cell is a vaccinia 



virus. 



21. The method of Qaim 18, wherein said composition comprises a 
recombinant cell containing a region of an E7 gene of human papilloma 
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virus that induces the expression of an immunogenic peptide in a 
mammalian cell. 

22. The method of Claim 2 1 , wherein said cell is a vaccinia virus. 

23. The method of Claim 18, wherein said condition is a cervic^ wart. 

24. The method of Claim 18, wherem said condition is a human cavical 
carcinoma. 

25. The method of Claim 18, wh^ein said method inhibits the proliferation 
of cells infected with hiiman papilloma yiiiis. 



26. 



15 



20 



A prophylactic method to inhibit tumor inidadon of cells following the 
detection of human papilioraa virus infection comprising: 

administering to a patient a therapeutically effective amount of a 
composition, cbmprisbg a peptide that substantially corresponds 
to the amino add residue sequence of a peptide induced in a 
mammalian ceU by human papilloma virus infection to elicit a 
iproteetive response in said patient that inhibits tumor initiation of 
said virus infected cells. 



25 



27. The method of Claim 26, wherein said composition comprises a 
recombinant cell containing a gene encoding said peptide. 

28. The method of Claim 27, wherein said recombinant cell is a vaccinia 
virus. 
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29. The method of Qaiin 27, wherein said recombinant cell is selected from 
the group consisting of epithelial cells, fibroblasts iand MHC class I 
positive lymphocytes. 

5 

30. The method of Claim 26» wherein said peptide comprises an epitope of 
the E6 nuciepprotein of human papilloma virus. 

31. The method of Claim 26, wherein said peptide comprises an epitope of 
10 the E7 hucleoprdtein of human papilloma virus. 

32. The rnediod of Claim 26, wherein said pepdde cpnaprises a maiiimaliah 
peptide induced by a region of a hunian papilloma virus gene. 



15 



20 



33. A recombinaht cell containing a gene encoding a peptide that 
substantially corresjwnds tp^an amino acid residue sequence of a pq>tide 
expressed in a mammalian cell in response to human papilloma virus 
infection. 

34. The recombinant cell of Claim 33, wherein said peptide is expressed as 
an epitopic region by said cell. 

35. The recombinant cell of Claim 33, wherein said cell is a vaccinia virus. 

36. The recombinant cell of Claim 33, wherein said cell is an epithelial cell. 

37. The recombinant cell of Claim 33, wherein said cell is a tumor cell. 
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38. A peptide coimiprising a sequence of about 8 to about 30 amino ?und 
residues substantially corresponding to a re^on of a protein of human 
papillomavirus. 

5 

39. The peptide of Qaini 38, wherdn said region is an epi topic region of 
said protein. 

40. The peptide of Claim 38, wherein said protein is the E7 protein of 
10 HPV16. 

41. Tlie peptide of Claim 40, cocrespondirig to the amino acid residue 
sequence from about residue 1 to about residue 10 in the E7 amino acid 
sequence of Figure 7. 

15 

42. The pq)tide of Claim 40, corresponding to the amino add reddue 
sequence ftom about residue 29 to about residue SO in the ikl amino iacid 
sequence of Figure 7. 

20 43. The peptide of Claim 40, corresponding to the amino acid residue 

sequence from about residue 70 to about residue 81 in the E7 amino add 
sequence of Figure 7. 

44. The p^tide of Claim 40, wherein said protein is the E6 protdn of 
25 HPV16. 
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45. The peptide of Claim 44, corresponding to the aniino acid residue 
sequence from aboiit residue 1 to about residue 20 in the E6 amino acid 
sequence of Rgure 7, 

5 46. The pq>tide of Claim 44, corresponding to the amino acid residue 

sequence from about residue 8 to about residue 20 in the £6 amino acid 
sequence of Figure 7* 

47. The peptide of Claim 44, corresponding to the amino acid residue 
10 sequence from about residue 119 to about residue 134 in the E6 amino 

acid sequence of Figure 

4S. The pq>tide of Claim 44, coriesppnding to the amino kcid residue 
sequence from about residue 148 to about residue 158 in the E6 amino 
15 add sequence of Figure 7, 



49. A method of inhibiting human papilloma virus infection in a patient 
comprising: 

^ administering a sufficient amount of a immunogenic cbmposidon 

20 to a patient to effecdvely elicit an immunologically protective 

response in said padent to an infection by human papilloma virus, 
said immunogenic composition comprising a recombinant cell 
^ containing a gene encoding a peptide that substantially 

corresponds to an amino acid residue sequence of a region of a 
25 peptide induced in a mammalian cell in response to a human 

papilloma virus infection, said peptide or a combination thereof. 
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50. The method of Claim 49, wherein said recombinant cell is a virus. 

51. The method of Qaim 50. wherein said vims is a vaccinia virus. 

5 52. The method of Claim 50, wherdn said recombinant cell is selected from 

the group consisting of epithelial cells, fibroblasts and MHC class I 
poative lymphocytes. 

53. The method of Cbim 49, wherein said peptide comprises an epiiopic 
10 region of an E6 huclepprotein of human papilloma virus. 

54. The method of Claim 49, wherein said peptide comprises an epiiopic 
region of an E7 nuaeoprptein of humiin ps^illoma virus. 

15 55. An anybody mdleeule capable of competing with a pepude, expressed in 

response to aii HPV irifecdon, for a receptor for said peptide. 

56, The antibody of Claim 55, wherein said peptide comprises a region of 
the E7 protein of HPV. 

20 

57, The antibody of Claiin 56, wherein said andbpdy molecule is an 
anti-idiotypic antibody to said peptide. 

58, The antibody of Claim 57, wherein said pepdde corresponds to the 
25 amino add residue sequence from about residue 29 to about residue 50 

in the E7 amino add sequrace of Figure 7. 



suBsrrrrytE sheet 



WO 92/05248 



PCT/US91/0708I 



-61- 



59. The antibody of Claim 55, wherein said peptide connprises a region of 
the E6 protein of HPV. 

60. The antibody of Claim 59, wherein said antibody molecule is an and- 
idiotypic antibody to said peptide. 
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Figure 1A 
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Figure 1B 
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Figure 2B 
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E6 AMINO AGID SEQUENCE 
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Figure 1 3 
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